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(54) DIRECTIONAL COUPUNG TYPE MEMORY MODULE 



(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce more the pitch 
between memory modules regardless of the length of a 
directional coupler and to improve the packing density by 
forming the directional coupler in every memory module. 
SOLUTION: The directional couplers 02-07 are wired in 
the memory modules 2-2 to 2-4 in the same direction to 
the system transmission direction set on a main line 1-1, 
so that every directional coupler can perform the 
transfer of data between an MO 1 and memory chips 1 -2 
to 1-7 by means of the backward crosstalk. In other 
words, the wiring of directional couplers 02, 04 and 06 
contained in the memory modules 2-2 to 2-4 is set 
exactly opposite to the wiring of the directional couplers 
03, 05 and 07 and the directions of these couplers are 
all set in the same backward direction to the signal 
transmission direction set on the line 1-1. Thus, the 
couplers 02-07 are placed so as to cause the backward 
crosstalk. The front crosstalk is also available for all in 
this constitution. 
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30M EOCmmm 2002*1 OA 2B(*) lO: IS^-WUIO; 12.^3C»*9420 1066';2e 



[It*«l3 NRZ (Non-Return to Zero) fi-^SrK5 
■7'tRTZ (Return To Zero) fi-^traW-f^ttfil* 

-/HI a nrc N R ze^* K 9 -f y t R T z m-^* 

^=&RT Z «^»rSftr 5«IBS:*-r * *IE:^lSltt«-S- 
»«r|lIE-^ * 'J * ^ - /Urt t EB t fc 3 fc fc 

y ^ 3 V h o - 7 1 fria^ ^ u ra©?'- if e«%iT-5 

i^i^ ^» «;«aT 2 T^:)^ iaii£ls-§-«T ft « ;i & % 
1 se«®y * 'J ^i? * 

[a*«3 3 iiriBT?;ii:)ji6ii§«g^«sriEoflH^r4'o:x 

^SIC J: 0 Si^<csl:± 0 itTi* "5 4*1- « R T Z S-f-t 
8Eftf 5 r t T 68t*3R 2 E«CO y * 'J ^ a 

V t * 'J d» 6 o^iffi Lffii8*^:^(Sitte-fr«%J^dif * 
J: ONR Z^**' 5. RT z«^-^.■^lftsnfc«■?• 

sufNRZfi^Kaaii-attitE^^-r-s. h^yi/- 

-■e 3 V h n- V kNRZft^oAili^OK^r^Foy * 

1 6 4 CE«CD X ^ y t y a -/V. 

i:iir:K96] j<« •J^>^a-9k:J<*';i:e!)M©9»- 
^ =E v 3 > h D - 9 e» 3 1 * tti « Hfc ^ O ^' ^ 
19 Sr*r »? jl 1 1: ff 1/^512 X * y 3 > h a - 9 »r »K t , 

Kfc if ®^ffl ES%^ 0 iS t T¥f If WE >t ^ f ^ C 



^iSioTatrEJt'f y Kit. iiiiay^- yjiijt^^ 
nfeSiTE^'Of ^'^s^^^r*oi^^sr.^i•e^|JaLfcv^' h*-- 

— ^t: ■J' f ^ 

yf-^m».k. ffrEy=Ey3y Ka-9»Cg?^X3^/!: 
«IE^ a y ^€^S:fflV>t:fl6dy * y A» 5><i9fill£i y - I' 

ta»«9i7] roEy*y3>'hD-73&»6-tn>?'n'fi5: 
??i^«riHy * y 3 V h a - ? tz^^ 

SSFffiy * y 3 y ^ a--7()!)-r-*'(i^oe!»«>l»I$r i: <? 
IUJ*«|iJ 1; ;4 ^) J: -5 1^ ffilK/i'ffies 

Waay t y 3 y h u- 9d>e>ui' a y ^ s^iiPJftG l c 

•5 K 5f- S-jS* L . • SifEy =6 U *• €» ttxS'^ S n Sy 

Ty-Kf'-^^asau iWEy*y 3>Kf3-9<i«? 

se y - K 5*- «: 9 'V ^-r a C i: i: ^ 689* jK 6 

E«o > * y * i - /t' X 7- Ao 

LR:«98] liT2e>^y3VH3-9**€.3l*lBffn/i 
^— ^'S^kT'-^';* h o— t^-IS^ffioei^i:, ><^^y 

ffiEy ^ y 3 y h a - 9*»6oosDgi;T -- x i- o - rcj 
-tcisjJHu-c^-f h7'-i'«fSaj L. fSriey * y y h 

y*yi6»s.©y- Kf^-^fe-? s'^rsci ts:»»kr 
6 Rtf 7 »JE«© y ^ y ^ •>* a - ;i- •> ;t -T- y., 

1S^ktTNTZ«^S:aS«L, 7 -Y h f - L 
TRTZe-<5-«S€T'6fllr I oj-f yy 7 x->i«:Si/, 

[ss:««i 0] s^jgie, a«?s7, a*JH8. svas 
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2002«10A 2B I*) JO: 1 S-'WBIO : i 2'3E»M42010664it> r 



vm^tm-^-i ^fi^-Q^Bt^n. i^-^msi^^iSim-t 
»iiE3?i»ittl&^sm; *} RTzs-?-n^»3n^^-^ 

> h o - 9 e» o © 2 iii«-ra%-j£<£) -f > - 
V ^»gRT -6 E»*« a s nTv^ i 5 - * s; a — ^w. 

ro 0 0 1] 

T V 7W T'o t y H^--^ ^ :e >; <9<i!>fJ T P4! A « C M O 
too 02] 

iK^rSfciC>©^N*;^**i: U-C<l$Bfl¥7 - 14 10 7 9 

*3t.> lo-ifcxp-yi 0-3-10- 

8t<!!)|BJcr)ejJ6ft2»W-r«c*3*.E«il - 1 ti -2- 

6. iE3l5fttStt/^>^v>c5' 10-1 i:xw-:ri o-2 
- 1 0 - 8 fcfflMfflCai. T«tio%-»< * 'J * V 3 y 

C0003] 

M¥7 - I 4 1 0 7 9'Ca^l^tS^«A<i5«<&£A««t 

PHtrSii < -r S C i: TJX « 'J OBffiSSI«%tf ^ C i: *«m 

r-2. 6x10 "* -6./"f 

T&O, IGHzta. 
[00 1 1 j 

r = 8 2 [mQ/mm] 
t^tO, DC<0ffi^fli6 CmO/mm] ffi. 

[0 0 12] -ttcti^, S9^WCI>!>^Tiimktti<D'e 



1 oiskmt'&h, 

CO 0 0 41 m2©»ai: LTs :^Rltte^«5r;HUrc 
RTZ (Return To Zero)**©©4^^£«C*t LTft^© 

«-r * V ^'OfipoX^ffSS**** < <f -3 -C R T Z 

*^tt*t±Ug|4li^^*»:A:t<nt*fctt, ±iE(D|igiSi*>4 

> i'wrBR ^ t:© * 'J =e a -^v«:«j«T? 3 >t 

coo 0 53 ^aoSIBhLT, sar-j'fes 
v>-5^jftT?, zmi^Wi, /^^ujtistJg* U'V'-/<i:-c«! 

L T :^ * - CD ii:*:<olSB i: S . 
CO 0 06] 3l£fcjai*AV^-'W:^«)j3«r*e<?-i*iffiffli'. U 

CO 0 0 73 ia5*-'<n';;i»3:-tO!)g8; (lc±») •3£*>rA'' 

g»^HT r *}$-:>^<;U3l;{|5J?-3«« ( f k n g e ^ Si 

CO 0 0 83 

Cftll f knee=0.35/Tr (»: U 

C©fc8E)s 1 Gb p sC/^JV'X'grlSaS^^)*^. 
0%#<aSH^PIi:tSfcfknee = O. 35/(0. 
3 [ns] ) ~lGHzT3b%. ::<!)«f©3g5ZJ»»»' 

CO 0 0 93 20 rci I2*s{:^ ?.«Ho!>*aittSt*: o id 1 . 72 
-caDC©ffi«:fii5.7 CmQ/mm] tJi-i. X. 

coo 1 03 
CX!c2i3 

CO/mna (»2) 
Clic3] 

(»3> 



©i«K:ri^i**»&4. "Limits of Electrical 

Signalt&s (TraasiiiitUr £quatizatioa)'':IEEE HOT in 
terconnect V (1997. 9/21-23). pp48C K 9 'f A (transa 
itter)®DAC(Digital Analog CoQverter)%fflV>fc^-fh 

ttJtsrttO. LS IC*»©*?«:»«r%wJ;*'»t 

^^4*o A:. 

roo 1 31 »4®gRai:fc. «»<z)y^ y^i^a- 
LOO 1 4] 

nr c t i - ^M© tf y 5^ % <k OS < t B «ft5s« 
[0 0 151 $B2<7)aa%«F«iT*fc»®*ai: u-c» 

R.TZfi^t:NRZ(NoD Return 2ero)®^*8fiftr5 

[0 0 1 6] «3<!)»«|:»*T«fc«)0#Sti:UX. 
Br*;? a X V - %4ja-c» 4 /f tfiitte*»«rT!*:M»:: 
SI.^UTfti^jfax h-^'4Jc^^i:iil[:^r^o;^ h-^Tfij^ 

«:NRZ®9<!)«»^MCSfi-r-&ri;CJ:i5, 
<, LS I®«fjaA***gttc*. 



LO 0 1 81 
T5. 

COO 19] yt 'J 3> h o-^(mTHC: Hemory Cont 
roller) 1 0 - 1 tty t V 3 > S a-^fflJiWtttWS:*-^ 
SLS 1 *y"/T?feO, yt y^x^i-^l-a •2~2- 
4C^iy* 'J^yT'l 0-2-1 0 •• 7*«j»tttfn-ci» 
i« El l»i7-»f-dJ- Kl i:.mini>zf') >hSMmi? 
rioted Circuit Board) © (WMT •? , v^/-,-K- K 1 
KUMCl 0- I ty t»J^va.-A'2-2-2 4 d' 
§ie$HTV^5. -?-LT. MC 1 0-- 1 fcy ^-'J^v.-i 
-;W2-2~2- 4('9©y*0^i'^l 0-2~l 0- 

y^'J^i?a-;L'2-2~2-4ti3*^'^'d 2 

- d 4'*^ U T V +/- - K »Bg * K T V ^ So 

(00 203 MC 1 0 - Itty y :ri 0-2- i 

0 -rc^jraT^-^oR*** (v-k-9-< © 

- i-^i-7©+T:t$»rMC 1 0- ncgif52snssns 

I - I «:y W •< ydHaiBline)^!!?^^ 
CO 0 2 I ] E«l 1 - 1 ~ 1 7t4, -^K-^K-J^OiSg 
tMC 10-1 r^^UiZJtt V ^ v 1 0 - 2 — J 0 - 

7CffiRSn, (ife:s©sais»4g8JS;etR t t5r^ht-C»«g 
«EEVt t C»RanTV%5. r©»SSt6ffVt tlcSf 

«iE^i^Tv^4»4{§«&tRt t %iRVNESft .(■;. -e* L 

Aco i.©IR-JSffitr.«'?n'?'nS«« 1 - 1 ~ 1 - 7 ©rv-:- 
i2«H#fe-f V f- •J^ y i: a k ^ ifl^ Cffi© {fiStiW % fif 
o. 3;©fcJ6, E«(l-i~i-7*»&©«-^«;:©i? 

[00223 MCl0-ltP<^V-?-;'n0-2~l 

i6jttlS-6-»C2~c7"C^i3n4. c©:^rifiitt«gi>«ii 

'^Bfl1»7- 1 4 1 0 7 9f?.«©*j©i:«S!ffi-C*5„ ® 
(!£«ttfl!-Ctt , 2 ^ - KM© 7^ - i!' teas S: 2 atf/SiiSfUl 
©IS^Tfe-BiS'ajc h-i? (:^rifelttte6-«) *fflV'-ce 
•^xv^4, ::©:fe«t), MC (/^•;^v;3^^') i o - i t> 
^tif-y-r (Ax;^u-r) 1 0-2 — 1 0-7 i:©|li1 
©tejS*2l»W-r<ci3*>. y-f y^-f XI - 1 irffiWl 
-2--'l -7i:M®!7n;i h-j7!S:fflV>r?ea<i--i>. ~ 
® o j:^ h - ^ {S-9J± K 5 >i © X y *f t T 

SSti * 0 ±m a n % (8-9» R T 2 iS-^ l::^USn, Jifi'i 
ttfe^StiNRZ^-tA'&RTZ^^-vffliEftigk L-T 

[00231 t>"a-/l'2-2-2-4f*J«::i^V»T» 
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©<S^feM»©3Jl^l C^fLT C |Sl S C <t 6 J: -5 C EJB S 
ixTteO, MC I -2-~l -7i:OM 

^^•fflv^•c^f*>n•5J:■5ffi»^n■cv^5, rut>*>s 

i?i-yW2-2--2-4l*3©te^»C2. C4. C6 

fc, ie^»c3. C5. c7i:-ettE»*«R«f:*i^'c*» 
«traD«:^i:'ioT*JO, tsi>-sc2~c7-eii(3rn»c 

C0 024] ti;a-Jl'2-2©ffiSP3irttj<'<' 
V I - 1 erh.k:fiS-6--r4et81 -2. 1-3A'*0, 
cn&*«-*K-P*ty*'j^-y:/l 0-2, 10-3C«? 

g^^nTv^?>, ra»cy=e'j«j^a-;i'2-3, 2-4 
ncty -f v^'f - 1 iiiS^rSEiRl -4, 1- 
5fcl-6. 1 -7*»E»SnTV^5. >-< y^-f ^'l 
- 1 tt-^:n-?ix©«-:^a-/U2-2~2-4*»«ra 
fe*©3*^'i' d 2~d4S:^hL.TJ/yr;i'««Sn» 

[00251 'J*y*-;i'2-2-2-4K:*V"» 
T, X-f yi- l*<3*5'j'd2~d4«!>S-9t:' 

2~d 4c;»iy -r v-? -f 1 - 1 ra<!)C-f-ev»»-tn-=e 
hi B*Jbfco2tr>' (J«7-) wscikcara. 

-/K-Kl k*y*'; «5'a.-;i.2-2-2-4i:-era 
Kl tXt'J ti?i-;V2-2~2-4t:cr>ia«:'>«JT 

[0 0 2 6] Sfc, ->:^^Aa)9lfiSCJ:-aTliifeT:(Dj< 
* y ^ i> :x «r 3 * f ^' H mV^t i if *^ ^c^<^«^4^ 

«;*r «^ If** i nil fc 5, 

[00271 y >f v^-f VI -lt±:&^ya-;u2-2 

~2- 4Sre/'j7>vnffijafcv^$/sfe» y*y*s?A 
chizjy'iS-rs&B&K:!*. «;%««L/s'ei?a.->»i' 

*V€v'»-;i'2-2~2 4km:-c*^o> /-Y V9 

V 1 - 1 **^>»f3n<lV^J: 3C 2oe VPJJS^ 
/v±©B«!l 1 - 1 tra U»tt-f V li-^^ vx%»oB» 
iKCiOy-f y9-f Vl-loe»«: 
*«in«tJ«c:fe»<MC 1 0- 1 *^6»*«lfif^*-ciS 
K-Ct. ifO* i^a-^HtKCjf tX-bMC I 0- 1 i: 



[ 0 0 2 8 J s fc, y * ^ a -ji-ttBa 2 <7> i 5 

^^d2k:»tt*ia/c1*ll6T©Wi5[a-cabS. y^'j* 
a ->'W2 - 2 cr)Sg®«3g tjttts nfc -? V y 
10-2. 1 o-ajij^-r vv'f > 1 - 1 tig^ssc 
2, c3*«iaci-5Efi(i -2, i-3c»»esn, a 
I91-2. 1 -3(3Dte::^fcDiigi±ii*asssnTi>.5. 
100293 *jss«-c»;ssn/sy « 'J ^v-^-ji-a 
-2o-:^©«^^/B-c, ffii»?nfc^-f v7-f V 1 - 1 
i:y*y=e-:;,-i-A'2-2*<!ssi ©i^^sc 2 

C:®p<'f VT-f VI- lt*lfe^SC2&«<j)cLA: 
^. V I A*--;w«rihLTirrOiiSn. flfal^cOM-^ftilf c 

* * i/' i - ;u 2 - 2 ®*s^asc 3 ikmi&r 

«*^t»«5SnTV^*o w4ae»2ffl©te^»C2. C 

[0 0 3 0] K3ieB[«if©1*W¥7 1 4 1 0 7 9»ZJSt.> 
Ttt, H3«>J:"^C71f-:«-K 1 »^««Sn?»> t 

ti^a-A2-2~2-46!)|l.Ha (fefy*) »i:^>(S)ttlfi 

[0 0 3 1 ] 0 1 ® J:-5C<g6^?t&y ^ t-i'^- /. 2 

-2PHii!:»fcc4;r, v«f-;ic- K nsx 

*'J*S'jx-;u2-2 — 2-40[)|HIHa =&Kt^r 

(0 0 3 21 SK, v-!f-#-K 1 ©S*^fi««i©»€:flS 

[0033] *l?ife«»I-ei±p< * ■> t y 3 -/u^tScfflrUn: 
>:;i-;W2-2~2 -403tS:T'fe?.A\ -tnwJ-.TMj 

(GO 3 41 «2(Z>^li«»l«i]4&AV'-t:g»it»t-^. 
(0 0 3 5] *:g?llEf8^4:^i|6HfeBrf^»fflro^ vs/--^< 
t-SJaJfi t L T -rf * * « i - ^i- 1*1 2> w t: -e^e n 

coo 3 6] y t 'J3 V hn-7(K;TMC: Momory Cont 
roller) lO-lliy-cyaVH a-y«Jffl>«l»«r^-r 

*LS I ^vT'-C'feo. y * 'J ^ v^-^/ua 2-2 
gctt^^y^y-ri 0-2-1 o--9*««*ls«s*h 

tV^a. v^if-df-Kl i;i*tfh.2»:;"J V ^El8lte■<?ri 
nted Circuit Board) CUs MClO-liiy^y^-^ 
^-A=2-2~2-9A»5?«*n. MC I 0- 1 k 
'J^:y3.-;V-2-2~2-9n(i!)y^";5^ v^l 0 • 2 
~1 0-0fce!)M-C-?'-?&fEair5!Ee?f:WLTV' 
^•9'-**-Kl»rtt:^|6j<4*l^iSC2~C0i'jg/iil 

^n, cn»iy -r v5-f V 1 ■- 1 iiEte 1 - 2— 1 - 9 

*^6fltja$n-C\.^6. y^ V T->'a-yl'2- 2-2 9 
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{0037] h^X'>-/<3-l— 3-9liK^-<-^<e 

[0 0 3 83 :&fittte^»C2-C9;i K^-f r/^^ux 

to 0 3 93 /^ i* 7t 6-2«ffi«C^'r -f i^J^/we-^- 
C^J^v'^iV;^) rfc^NRZ (Nod Return to Zero)<S 

«§C2 — C9lw<feONRZ«^*^5>RTZ (Return To 
Zero) ©■^'^ff^^SfLfefS^^, Ay 7 t 5 - 1 t^TCCD 

RTZ«-t*^6NRZS*-vK»r«f^ffl*f 
[0040] ^^•J^i^;*—A'2-lU->'^«J 

-7 1 0- 1 fc h 5 Vi/-A3- 1 ^^r-^. y^^j^ 
X a -A^2 - 2 - 2 -ai^ii^ * 'J ^ 5/ t/A^-tn-f na 
KJffttSiaTfco. ::n&^i^Ji-/w2-i--2-9tt 

[004 1] y>r V^-f yl -U3:b^>'>-y^3-l 

C2-C9-C«. y^U^i^^-;i/2-2^2~9f^(7) 
^ ^>^^-y<3- 2 — 3-9*^&^|^m$n^E«A^:>< 

[0 0 4 2] y^'j^i^^-;V/2-2-2-9T^<0Ett 
2 0 - 2 — 2 O - 9*i'^n^n h ^ V v'-^'^ 3 - 2 —3 

--9i:*y^';f^y7^k*«tt1^^E«Tfc*p a I CO 

:/£Dt#oA*»««a;6<#' < ^ o r RT Z U-^^H!^ 

UT, K^>>'-/^3-2'-3"9S:A^ 
UT*aa)yq&U^v:/;&5g^R5nTV^Xt. El»20 
- 2 - 2 0 - 9 \t^'^mt&0>'k S ifcN R Z ©-9 t^aM 5 

[0 0 4 3] MCI O-Uiy^'Ja^'J-K. 



(R/W) h ^y>-A3 - 1 -3- S-^i^^.'bt' 

h^^R/wi*^T^!>^>ri::}gfi!$n7:i^-5x>^ m 

C 1 0 - 1 Kv-f /<<^:7r yr-tr h i: R/W<t^<;D»jf^ 

li«jfVjaife«f^^<£\rx<o-CNR Z A* 5. N R Za)fi^T J: 

[0 0 4 4] MC 1 0 - 1 7!if*5>y ^ y T^JC r- 5^ 

[0 0 4 5] MC 1 0 - 1 iiR/W{g§-^tfritc^ 

^ — Kt: L, h ^ y /'^S - 1 l^t^v^ V ^ T 6 — 2 
^ ^-''f}\.\zL, ><•:/ 7 z 5 - 1 &T-'^ +--'r;vL:-<r 
-S^o a**r, y^'j^':>^-^w2-2^2-9?^c7> h ^ V 
v'-A3- 2— 3 -9*;:rta2snxv>'2>^<y -7-/6-2 

c:<^^^irr^^i:T:% MC 1 0 - i j6-6«-y x 

[0 0 4 6] y^y^ • R AS (Raw Address Strobe)/ C 
A S (Column Address Strobe) 7 K b >t «r«feJ 1 1^ ^ * 
^d^Jtfc^RT^&fcm, MC 1 0- Ulr v^^v (NK 
Z) <7)f^-5'=graSffir5>o xg££i$nj^:NRZS^ld:IS'& 
i55SC2'-C 9-CRTZ^^Cg»$n, y^';=E:^.u- 
;V/2-2'^2-9rt£D h ^ y •y'-v<3 - 2 - 3 - 9 

5g$n-2)o e^^n/iRTZM-tJct h ^ysx-^'C? - 2 

'-3-9F»!l(D'^:n-encD/^c/ :7 7 5-1 XRTZ{^^t- 
«>N.R,Zfi--^JrSiaSiav ^3: 2 0 - 2 -2 0 - 9 

[00 4 7] MC 1 0 " \^=r-9 ^n^ii^tj^^ 

[0 0 4 81 Sr, MCI 0- MiR/wm-^^read^ 
— KklL, h-^yi^— .''^3- 1 f^cOA y 7 7 5- 1 

jgiTn y ^ u ^y*aL-;u2 - 2--2 -4 f^<7) h ^ y y— 

/<3 • 2-^-3- 9 HF*S3t$iaTVN^>'^v 77 5— I $: r 

oJ:"5K:r»3 4:-C, ft^ *»;i5»^MC 1 0 - 1 

[0 0 4 9] ^•>:7^-t (C$) 
y^';a:^<y^ • RAS/CASt KI/::z*««i 

«(DNRz®wi£Hi^?n*. ^S'^n/iN Rze^Mi 

h^y-y — ''<3-2---3-9J*}<;?>-^n^H<:0>'^v^ 7 6 
-g-CNRZiS^flos^iSdiisn. fis-&»c2 — car 
RTZ@^i:Slft3n«>o rcDRTZM-tii. y^y^ 
Y y I - 1 ^cMC 10-1 <?)A"i^t-et»*ti^6 S^^? 
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- 1 -eRTZ®-^*»e>NRZ©^CS[8B5nx MC 1 0 

- Hzr-iHi^&khix. COr-i'SrMC 1 0- 1*' 

t0050]*fc, b5y->'-A3-2--3-9t±R/ 
W<gW*"5 -C^c < C S^^g•kffl*■a■h>^^T4JSLt: t> 

*l*J#j»®*«:fTV\ ffettx-f -b-r^nrLt^Wtf J: 

1005 1 3 rr^, 'J-K • 5-n-^C*A%T 
[0052] roi^li, V ay ha— a- 

- X U: R T Z ^^aWffl OlfSiJit lil8S*a» S iillil 

-f y 1 - 1 (iiE«»KT5«)RTZ Viz—J-^^-^-t^J* 

•5. <>X7^A«Z>»J*%|fe«C»r"CS*. 

[0053] tfc, ^^V^i^^-^VrtU h^^t/— 

~3 - 9*«:^«»nfeje^s»c 2--C e tfflJ5i^-§*)Sn-cte 

feS, SEC, *lli6««<D«fiRCJ:-5T. >*Uf-f -/C 

'J =e 2? * - ;Hatt:»l6!feie^«% M A: N R Z €> RT 
^-;V'PJ-CttNRZfll-*€3S=S:ft<cV^, 55*^:fi|V^i)•^t 

•C:tFI»lttiK^i8%;BV^fcRTZ (Return To Zero):^*© 
m-flSSSfflCKfl-SnfcLS 1 1 NRZ (Hoae Return T 
0 Zero)»t::astsnK:LS i t'SrracA;^J:K;ffiEl/ 

[00553 Z.<J>^*>\z. *fl*6«ifKJ:n«, y=6'>=e 



2^10H 2a (*J 10 : i4- ail O : I 2.'S»ft^420l 0664/5 r !0 



100563 IB3©SI«6«Sria5«:fflV^T;»'«T 
[00 5 7] JfeCit-<fcJ:-?t> flSS Gill t-'*H^ 

© «> « J: •? r * >: V ^ 5 sue 

[0 0 5 83 05ttMC 1 0 1 i;-r-'--J'JS^«riS5J« 
i*j<«Vf-v/10-2~l 0-4i:=&iBe!-r*y ^ 
'J A;i%a*tTv>«. MC 10-1 *»c>o>y 'f vi^-r > 

1 -1 k, 'J*v^:a-;l-2-2>c;IS«{Sn/;;'( + V 

1 o~2**&«>§i#asL,esii 0 - 2 y-xn^mo) 

tettf4.«Tl*«tj«U-CV^S. T!?SS©:2j|i.-Hfetg-ft-2ST 

1 litt-esewr i o t3S^ii*»8fem&5.^tr-t ^m&g 

[00593 y^9^S?3.-/v2-2, 2-4K«V' 

T, T^aiiEii 1-2. 1-3. 1-4 (o-m^nm^& 

la-CV>a, y -< V 1 - 1 tiiSS^a 1 n^c, a 

2'>^*i>3.-A'2 - 2 rtfe^j^tt^c l,^rffi^ft3n■rv^s. 

m:v>/jv^v+f- /iJ-- K±Ty-^ v a-;i'2 - 3<z) 
Sg^ a 3JCS8tSn. (5H*tC^i>a-;V'2 -- 3, 2 4 
WC!)«.«»?-a 4, a 5. a 6 ^^^^tTiftll-WCW^San 

[0 0 6 03 r(r>T^flU.fe^SfflfiDftl5ffl«rE6. 1S37 

foois 13 BiettBSO^-f h«if^<?>«WE-C*>*), 
a 7 »3: 'J - K«)f|S©SiW0T*> ?)o 

[00623 ia6v ycS^tfc&tfeSO^tife^SmSr 
fl5LTV^*, y-f V^-fV l - I t*tJfi;f<bEI»ttrz:ji6 
SLl, L2. L3. L4*^e>nrr). ffiJS 1 -21-itIt; 
T*e»tteiS«9L5. L6. L7A>t,jii,. i^Wikl. 
2i:L5*'IS^»Cl4:}^fi!tL, SJSISL3 i: L 6 

CO 0'6 33 ,^l8T^SnfcT*;Ste^«T 1 U> .?j'.V^ 

ix»««nfc2o©te^»c 1 i:C2 fc. rn6o?'7is 

10 O'e 43 tS^ST I a)#4S8-7 li«SA8»OlS® vH- 

[00653 hgjfPTIi. a5®MC 1 0 - 1 » r 
5 0 6-Ctiy«;l':xi® (vpul se) . -f®W 
gpffi^r dRO^MC 1 0--l*«^$o»'a«ftf:p1 A^'^* 
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fc. ';-Kftf^-Ci*, MC 1 0 - 1 637 
[0066] K6. 7CDT^ffll«#80l$itS;W6*«C 

10 0 6 7] 'fr^-coe^jaj^^aaksiaic^^-r. 

[0 0 6 8] iU-s^gVliJiSP ICE (Si 

Dulatios Program for lotegratedCircuit Eopfaasis) 



coo 6 9] assiBiecj^ssLfc';- KWf^-cos-frA'i 

(d 1 . d 4. si. s 4. s 6) Wtttfl^TJ&O. iJfl 9 
ftia7iri*JS;Lfc5>f hftf^T'C[)-&;« (d 1. d4. a 
1. s 4. s S) «>«J^T?*>&. BBS. &t/09U K 5 

•f 7'(feB4«»<c5©*'ete<D[ai»<D:ea»4isi 
[0070] 08T«> K7-f y^aeaaeoy- i- 

-f V9-fvi - l©K«S;Sd4. r sC!)A:>JfiiSs 5 
-g-»<9!ffiMI(«e» si. s 4 T-^ « . 
[0071] 4fr/<f* J<-J'!l*K-?'nt;ATOTa»3T*i 

[00:72] 



rtt = 
el - 
c5 - 
vtt = 
rs = 
rd - 
tr = 



50 CO] 
3 CpFJ 
3 CpF] 
1.0 Cv] 
GO CQD 
50 CQ] 
0. 2 CD s ] 



tpdl ° 216 TpsJ 
y -f I - 1 ©3ltt t«<L 2)we»aSi*PI! 

tpd2 - 360 [ps] 
T¥SJISlSSl-2<09itl]LtllL7) ®iSiaSSS£(^Fy] 

tpdS ° 216 [ps] 



CH/mJ 



Ti*ai«l« 1 - 2 £D3ia L18(L 7) 
tt6^»(cottpterl.coiipler2)0=ex>iW<7y-J'l*felT CO 0 7 3] 

rU=lin CO/mJ Lll=381.3o 
r22=la CQ/m3 L 22-301. 3n 
crl=l44.5p EF/m] 
cr2-144.Bp [Pym] 
cl2«<40.p CF/m] 

^:r■T^, rll. r 2 2l4*ffi«Safc«3<OB««m, 

Lll. L2 2»iB«©J|ittfi«afcO(5aB'f>'*^^' 

^'v::^, CRl. CR2»liElScD#a«5Sfc»><5e 

a**y<'>*' Vyi, L 1 2. C 1 2»i-?:n-€n*fil-B* 

Sfc •) o«a S'f > ^ V ;» kffl ^ V ;t 7?* 

[00 74] HBJCfcVNT/'- Kd 1 lisSS«^J!Oi^, 
si. s4. s5aT?1E!fir-&»T 1(!)«;^C!)«^ 



Z2 

25 



= 50 cn] 

- 50 col 
= 10] 



L12=050n [H/m] 



[0 0 7 5]|^<tC, BI9liB17ir3>?AC-r*'J- KMjfi: 
©jftJBfcT^. 0 , / - K s 5 ©i^lliSfcfl^i* N R Z <JiW. 

r i: t J: 0««»«<c if ©«-*j8l[Jl?©Ma)«E««rffliK-e 

[0 0 7 6] Sfl$A5©iiaiZT&i«^%BI i 0. 

[0077]{aiO (1) li^-< h •r-^'®*^}^, fRJA 
tf, H6<Dv puis esev>WBJ5ffiMC 1 0 - 1 
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Timm, ^-k^sci tc2 0mm^ 
m^tmio (2) Kimti&mtuK). z(DWimtm^ 

»C I A<MS LCHicro Strip Line) <Z>*B^, ^^Sifox 
h—f (FWXT:Forfar<l Crosstalk) i: UT4C«>. 

0 (2) cmnstmit^ ucio-i^OiiJimcDiLi 

<0^K (Ta) tmi^SKDJiil-xm^^-Oo mio 
(2) CDFWXTttj' V^-O 1 - I itejBt-^/^ 

SSL 2 2: L 3 a a)»0(A%ii9JiST &(D 2:ia|ii»«j(iEtt 

1 -2<o»«Si«-e**g25filL5i:Lei:®ttaijSiii' 
DZh-5'kL-C4i:-S, ^jJs, SL (Strip L 
i ne) C!>«^life^eS»:*5-b'n :ttcr>-eF WXT W4 C <f 

[0078] EC. j^-fy^'fyi - l±©NR2<t^ 

c::CDe»y<A'3t*5ig^«C2li»3^t?a;^ h-^ (BW 
XT : Backward Crosstalk)** C 3 
f-^'ifeJ^feHl O (3) 1:5^-*-. ^,<Di>03l 

<. 

Co 0 7 93 AftWtre, te^a*'A*7;ix*#'>m:?' 

J;*« r - 4. 6<c«)-;»v e^*«3 0 [mmJ <)!)« 
^, /OV:;i<oe«ag«r7. I 5 Cp s/mm] (=-/" 
(tk^««=4. 6) /JfeS) «r»W?»i;. 
SjSi^Pi])i4 2g CPS 3 

[0 0 8 0] 8l5<oe«l -2<!>»«Ei^7ti4»-»»C .l 

0 (4) t5«-r. ::<oa«snfc»»tt, hso^^'J 
[00 8 1] «^ij»*ttRj^«5;Bm4a*-e*>o, c 

a'-MrJ:o7:3SL«[!frH«J:<, **tiH10 (4) 
K^TiKJeJi-twaotztt^TVNS. HlOfcIt, BIS 
CKVXMCl O-l!0»&^yn 0-2Of-^'<Bjai 
fcM-rS«»«rwtfc*», 0-236»6M 

c 1 0 - 1 'N®7*-i'«BasK:s*L-ctrai;«[»A«4j«* 

[00821 011 (1) tt^v:^! 0-2*»fe<!>NR 
2e^*a5t. c:o«^A«E»l-20i>ttj«lirilI3gt 
m^aCl (L5) tCZ (LB) COWACJitT 
-r*. ^fflSt, SI Ot7^tfc«?e^fe^S:3^a*;^Ata^* 

si 1 (2) »MCio-ii». mtm 

C 1 t:J:oT^fiS*nA:FWXTA^ eaijlSL5%eS§ 



fsimm\z aifiS s ±& ?f nfc b w x x ti fcisfts 

L2ftaiffr'6. w<?>A;u::^*Btta I Ol;!n«LfcB${Blt: 
llCTb^lBIT-feS, ^K^IS^SC 1 -C^AJSn/c^JA- 
^DZi h-i7i:lte-&-gC2T-ifitsnfctS:^i'n;^ h-- 
4'tteaB»L2 5rra^^tritff L. ife^tLT. Kl 1 1 
(2) HI 1 (2) irS^-r&JBli. 

MC 1 0- I <J3 K^f T/ro^g^-l-fcttSSI 1 0 (4 ) ® 

011 (3) ©J:-?C<t2.. 011 (3) lZ^-r«'«* 

aiiii»iiiibi^Etsi 1 1 (2) j:iPii;»fi!$T^s. 
•tf'atc.tfx y >■ 1 - 1 tz<fei;«)BWXTh Fw 

XTtts MCI 0-1 t:(iK?rc*S^SC2 tC 1 

COO 8 33 UJl,-h©J;-5ir, T^li<^>*S-ft«S^fflv» Ac® 
;^a.-i«> t:<jM*35>r. ie6-»C2©*fflv>T<.^fc« 
<£iD-fe. T^alJe-&■»Srm^,^T<,g^fle^^lJ*^3 J:^.jS£J^»6 

[0084] zeD*-v<->^- > 5)tiFWXTT*i: 
i:V">«COT, Micro Strip i.iiie?:/l^-^«H«*'<§r "Cfe 
2.. *fc, FWXTlcm-'-Cl.«ffico^J5SlC^oTli-^ 

(Oflij:*^' D h - i'<SSlA^iE-c$> /c 0 :M T $> o /;• T 
iO-eiElZ •& J: -5 »::aiga)ffilSWig*a4; Z fc *^W.SS 

[0 0 8 53 c:©j:-5tr«ji^:'|-4«)T, K5<Dy^'.'i' 

X y A-Ctt. MC 1 0 - 1 i: y T- 'J y 1 O - 5? ~ 1 

0-4k©IBI-e, T*a!((S-^»Tl -T 3 T^fiEans 
;4--AS/i- HCJ:-5T, ^fSSUIRC J: ^aiJ^if? 
iE-C t * © -C J: 0 i^aLitT ? * . 

[0 0 8 6] S4ffl5l*SW«:[ai 25:fflVNTgaiW 

[0087] *9l|i6«iieo @ 6f-}\i. 1 <I>!j^«E^J«i:^i't!SK 

/ ^ ««<!5fifc»w X fi^ ]gx - 5' easi;^ »r X /rf T - m 
ft. 

[0 0 8 8] y* 'J 3 ^ D — 7 <MC) 10 1 <i. 
yty*-v>''10-2~l0-5 ir3!t L T — K ft Vj • 

1 fci^-frUfcT^Mife-&Sf7-2~7 - 513. y -f '> ^ 

vT^i o-2'-'i o-SKi^n-eti^^is^n. T'?'-2!fe 

[0 0 8 9] MCI 0 - 1 ii^^i^^ y :?{a^ CL K o u 
t *<MC I 0 - I f^©^' a V i'iS'.ira 0 ICiajJtfl t HI 5 
n, y-fy^'fy?-! 4iffl-3TMC 1 0 - IOTi"J f 
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- niMc 1 0 - 1 ®ja:<-e"t©s<a*<ft4ffisn-c35 

£0 0 9 01 *fc, y- K • 5-f f'O^-^'ffir^ttMC 
1 0 - 1 A»6ffl^*n, f -f 9{rJ:>5 7'r l-^tiir 

»asn4. x-f vf'SflDwr I t e, read«^« 

« O ^ > 9 V 8 - Ui <DW«SJ-el»i«$ KT U * . 

CO 0 9 13 dCl-C, m \ 2CttCLK«9i:r~5'© 

f » L T « t a tf fc* © c t r «: 5t V ^ 9 
CO 0 9 2] MCI O-l A^?.r atf«6^ 

L0 0933 Sr» MCI 0- 1 j/f-9*«lJ»L 
T:Writeffli:«}*)ft^Tfc<. d ® <t •) l^T 5 r T» 
MC I 0 - 1 *»&«.^ * 'i Ct>tr4«&jAA®«l««*"C 
^4. • BAS/CAS7 KU::t«:2l«LT«S 

ii*A<i|S«-C*fe«fe. MC 1 0 - 1 ttNRZ<3?9'/ b 9^ 

-> o y ^ ^ fcKis urawf a. 

[0 0 9 4] i&miHIti'avi't^'i Ht'-^'ONR 

3n€>RTZ©^!!»spfit«T^* 'Jf-^T-l 0-2 
--l 0~5fcea*H4J:^t-h8a2-3<OX.^i'9-f.y 

[0 0 9 51 rafltiH-e(S-^%e^tr5EH • SiK®:fc«) 
C, i?a.y i'g^-f-CDjt -f V7-f y 7- 1 lif-'-J'fi'^eo 

2~7-5i:8-2~8-5 k**. MCI 0-Xir*H, 
[0 0 9 61 MCI 0- HZi&X^f-v-^lO-- 

C, MC 1 0 - l3&»&«t€«8*M4*«V^*y7'l 0- 

[0 0971 ^*')>:'7"10-2~1 O-SKiUfo 
T» 1 0-2—1 0-5lif Q vi'fi^*«V>T 



[0 0 981 MC 1 0 - 1 4?>f--^5:B6^>iiJ-r®<2f 

(0 0 9 91 Sr, MC 1 0 - 1 »R/WfS^4rrea(l-e 
-KirfS, /^V^* • RAS/CA ST K U3 5rR^l- 

^y^JV (NRZ) ©';-Fx-f*«i?oyi7fs 
y-f V-7-< y7- 1 ?:iioTMC I 0- 1 i-WAJj^Sii 

>9-< v8-ii:RTZ©^^A»c:-jisn2>. z<on. r 

L fc J: -5 H MfilK 1^ D #.J5!£ S I'L . i 0 ^St 5 n 
teRTZ«^liJ< -I" ^-^-f V©6f8fSO, ^ci>$ffH2)'?<'> 

;t -f y ^ 9 fi - k«ji-«j o » a 

nTV^i®TMC 10-1 frii^JtHI 0 © RT ZfS ? iO» 
®-f-k©tt«3fettif©^«'J*4' •:/l 0-2-10-9 
CO 1 0 01 l^ffi3iet;&€.Srtlk b C, ^'o-yi'iM^© 

7 Si:8-2~8~5k*^MC I 0 - 1 »::«LTUi:U 
<£«affiB*|Sl«:i$-D 0: -5 C -tti-^'MO X -Y V 7 -f > ir >J 

c 1 0 - 1 K:#tL$Ja^M*^Jft•v^t^^s^-*^.t&^^^. ') 

1 ±-C<De»»Bi^K»tS < «t 0 , i^jfS, r ^ 'J *> 
^►®7'-5'*^MC 10-1 i::siJMT2>eti«[i, MC 1 0 

- 1 i^f>mf}&niti'uv<;m'^t^&mhxm.-:>-z < ^ 
i^iaiiia»i^e"T?*»s. JS»=, v^'ja^mc: 1 0- 1 r 

■y-jrttMc 1 0- 1 csjis^*^a> ^ov^'is* 

y * y ^ y -fltUC 10-1 lc:SstUG*B»SftSP-l*'#.<.^ 

«-a-i»at\.^«6-<>Mc 1 0 - i»x*tti3i^s«tr'j - 

— ^itiRWf &r kcne*, ;-.©teto, MC 1 0 1 1*1 
©(fitBrox t «; *^ y 7'»»€> © y - K y-'- ^' "C ^ "C t N 

lOlOll ^•ty^v:?'! 0-2-10 - 9 A'^fJ?* 
-f hf-^-it^ttMC I 0- Id^aieU/i^'o-^^'^-^- 
^iqflt^'e'CMC 1 o — 1 ir?»A>;oa»x*«>'c. mc i 
0-1 tt^o vi'lg^ (CLK i fe^V'T^'- 
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CO 1 0 23 ±a©»f^«rfia-rsrt*^aiSE**^«c 
8- 5 K<fc 0 y t'- ^•vxtf^aKA**^ s^^eaiT? 

COl 0 3] ±e0 2o<D«ltgt:J:Q, 

y ^ y =£ a - F*j»z:SripHtie^#5r0iaEr 4 i k c * 

CO 1 0 43 *5?«i«©SC4 I 3* 
10 1 0 53 Bl SttHl 2Ctt'<X. MC 1 0 - 1 © 

y^-9mci>m^muifi»tii,. hi art*, k-t— 

HlS-Ctt, Kx-4'aSttJ«©K9-fKJsy-K7» 

'f y 8- I ©»tt-f >tf-^^VXZ otl^ fC**?, M 
C I 0 - 1 ©JK-f CJ^VNX<t-t©S«Ktt<iVH, B 1 3 

CO 1 06] Ti^SU&^»«^^v^&9J©9llSW«: 

CO 1 0 7] ^^ma^si 3<o^mwt»iii<oit. 

CLKS'S-CSPfcOC;!!- o-r«^ (DQS) 
X t'- ^ ©ass© *:«T 5 ;S-Cfe S. 
CO 1 OS] DQSe*»MC I 0 - 1 ©naisf D y if 

«^*cig»itTx-^'9'f h^c2£tfl«h.-s. ::©D 
Qsm^%m\^x. yt';^yno-2--io-6 

f-rs. ft©S8»«Ii:l^»C, DQS©^kDQ«-^© 
fiTl»&«JI*»ir©*f "/l 0-2-1 O-B-CtRIU-C 
hhta^, iiB©*flFA«T'rfig'^*>5. 
CO 10 9] Kr-^-CStUXIi. ^^yy*»P»© 
y-Kf*-^ (DQ> ttfif-fr^k^-f V9-f V8~l k. 

*^i-txMc I 0- 1 cA*5n«., <j 

■9 (DQS) bjgffienso -t©©*^ j'^ev^yri 
o-2-i o-5©Mci o-wznthmfmwf-fk 

)k<&J:-5)iElBCJI*U-C<>';-Kr-i' (DQ) t>th 
a- (DQS) fi*©^lfflll^s^LV^©T, MC 



1 0- 1 ■CttDQS{S-^»r J: 0 ')~V=r--9 DQ?- > •/ 

Kr-'-^'ti'-r $ y^^t:itt;tXBJ{'?i?>tf.r. 

CO 1 1 0] :&i«4tt«&^SI=&^ufcf'-^'tei}§i> 
»a>i->< y ^ y /©rtSB:/ a v ^ Bl'&a l 5 f „ 
c 0 1 1 1 ] a ] 5 irs^r j< t •> •/■ee. * r 

<?>7 K W;*©}85e&ADDfi^, RAS. CAS. CS 
'J— Kf'— ^ JiData Output KeglsterC/<y 7 r *) 

>ifznit^. K7-f A6%t^^ux{K:;;sn^>, 

^-f ^^>->'<5^^^UXA:^J^^1.1)ata input 

RegisterCA v 7 r U Vrf' Snfe^V ^ 'J-^'o p \z 

CO 1 1 2] 0 1 5© U-->-yv5li. aTZS«5-«rNlt 
2€:^traift-r2.®saiHlJS=&*bXV'2,, aCiKco 
NRZ^&^4A^;-r«fc«>©uj'-'<t»rt»t, --/ife 

y 5'A'*7'S'3 yt LX«p-P^. t C J: Q(£3>i 
•J f h****, 

CO 1 1 33 r^-^fflr^f^ (DQ) fctsiftSc:* ^ o~ >'{a 
^ (DQS) KWLXt ^v'--'<^iRTZ^g•9•«•NRZ 

CO 1 1 4] m©8lfiirov^'tt}fi?S©SDRAM f.Sy 
AChroaons UUM) k l?l C TS* % . 

COl 1 51 HI SK:T^-tmm.i:.X*). :S-|S]t5felS^8g1r 
ffi fcfi^eaSX?* o X R T 2 * N R Z g « 

CO 1 1 6] SX, ggi 4J::>iTofcDQfi^o^ y r-i- 
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